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to all human beings living on the planet Earth. Climate changes could happen 
due to both natural internal processes and external forcing, or due to persis- 
tent anthropogenic changes. The identified drastic temperature changes, in- 
crease in the emitted greenhouse gasses, and sea-level changes as witnessed 
from the acquired data; such as from ice cores, during the past centuries and 
even decades are all due to climate changes. Due to the increase in the emit- 
ted greenhouse gasses, major sectors in the Earth will be hit severely, such as 
agriculture and industry. Human welfare and health services will consequently 
suffer and development, in general, is going to be hampered. Large parts of the 
Earth will be unfavorable for living due to different reasons; such as inundation 
by seawater, decrease in temperature; however, some scientists believe that the 
increase in the percentages of the emitted greenhouse gasses has decreased or 
delayed the possibility of starting a new ice age. We have presented all possi- 
ble scenarios, which may happen due to climate changes including tempera- 
ture changes, emitted greenhouse gasses, sea level, and other harsh effects not 
only on human beings but all other living animal and plant species. 


Keywords 


Climate Change, Environment, Anthropogenic Changes, Greenhouse Gases, 
Sea Level Change 


1. Introduction 


Climate Change is not a new phenomenon in the history of Earth. The same 
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history presents the consequent impacts and the full record of climate changes 
not only on the surface of the earth itself but on the existence and development 
of all beings living on it, be it humans, animals, or plants. Alternating ice ages 
had caused the extinction of kinds and species in the animal kingdom, and re- 
stricted the growth of plants in wide regions, while warm periods, however, had 
helped other kinds to grow and flourish. The same had governed the life of the 
human race, its geographical spread, and its ways of living. Favorable climate 
changes have contributed to the rise of civilization to the level of progress we 
know of today, but reversals due to mismanagement of man himself can destroy 
this civilization. A brief presentation of the history of climate changes may 
therefore help to grasp the root causes of these changes and assist in steering a 
safe course in mitigating the worst impacts that face humanity and the environ- 
ment in the future. Needless to say, the sole responsibility of changes that we are 


witnessing rests almost all on Man himself. 


2. Climate Change Impacts during Early Age of the Earth 


Since the beginning of the Earth’s history some 4540 million years ago [1], the 
world climate has varied on all timescales. It has swung between very warm con- 
ditions, with annual mean temperatures above 10°C in Polar Regions and glacial 
climates in which the ice sheets covered the majority of the mid-latitude conti- 
nents. Scientists argue that such global climate change forcing had taken place at 
the early age of Earth resulting from continental shifts and great volcanic erup- 
tions and more due to Earth orbital change. The timescale of global climate 
change forcing may be shown as in (Figure 1). 

In Figure 1, for each of these climate changes forcing, an indicative range is 
shown. However, because of mutual interaction, they can exhibit variability on 
nearly all timescales. For instance, orbital forcing could influence the distribu- 
tion of temperature and precipitation at the Earth’s surface and then induce var- 
iations of the oceanic circulation and El Nino-Southern Oscillation—ENSO on 
multiple-millennial timescales, etc. 

In more detail, these external forcing and processes can be described as fol- 


lows: 


Tectonics 

Orbital forcing 

Ice sheets 

Deep oceanic circulation ——S] 
Grouped volcanic eruptions —________] 
Individual volcanic eruption[>_] 


NAQ; ENSO [———-] 
Vegitation dynamics 

Total solar irradiance 

Global carbon cycle 
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Figure 1. Schematic representation of the dominant timescales of some external forcing 
and processes related to internal dynamics that affect climate [2]. 
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1) Earth Tectonics: The horizontal and vertical displacements associated with 
plate tectonics play a fundamental role in climate change over a wide range of 
timescales. The solid-earth surface is in direct contact with the atmosphere and 
oceans, and its evolving character affects the balance of incoming and outgoing 
radiation, atmospheric circulation, ocean currents, and the location of elevated 
terrain suitable for glaciers and ice sheets. Tectonic processes also have impor- 
tant indirect climatic effects through their control on geochemical cycling and 
the composition of the atmosphere and ocean [3]. 

2) Earth-orbiting Forcing: The low-frequency changes of the characteristics of 
the Earth orbit due to Earth tilting modify the amount of solar energy received 
in a particular season on every point on the Earth’s surface, with the most im- 
portant fluctuations located in the 10 to 100 ka (kilo annum, Thousand-year) 
range (Figure 2) [4]. 

At the other end of the spectrum, lower amplitude fluctuations are also ob- 
served at interannual and decadal timescales, with no year being the same as a 
previous one. 

3) Volcanic Eruptions: Individual volcanic eruptions produce general cooling 
during the years following the eruption. Furthermore, volcanic activity can be 
responsible for a low-frequency forcing if large eruptions are grouped in a par- 
ticular decade or century. On longer timescales, increased volcanic activity re- 
lated to plate tectonics can lead to strong cooling lasting thousands to millions of 
years [4]. 

4) The NAO and El Nifio Oscillations: Moreover, internal dynamics also play 
a very important role in determining the variability of the Earth’s climate. Global 
warming can also impact such internal dynamics as the El Nifio Southern Oscil- 
lation (ENSO), the North Atlantic Oscillation (NAO), and the Southern Annular 
Mode (SAM), also known as the Antarctic Oscillation (AAO) which describes 
the north-south movement of the westerly wind belt that circles Antarctica [4]. 

5) Vegetable Dynamics: Scientists agree that seas and oceans were formed on 
the earth’s surface some four billion years ago. Life, however, began about 3.5 
billion years ago, which developed from single cells photosynthetic organisms. 
These began enriching the atmosphere with oxygen but Life remained mostly 


microscopic. Complex multicellular life arose, developed over time, at about 580 
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Figure 2. Schematic representation of the Changes in the eccentricity and the obliquity of 
earth orbit (source: Latsis foundation (2001)) [3]. 
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million years, and culminated in the Cambrian Explosion about 541 million 
years ago [5]. 

At that time, practically all major groups started appearing in the fossil record 
and resulted in the divergence of most modern phyla (Figure 3). 

This sudden boom and diversification of life forms produced most of the ma- 
jor species known today which has influenced the environment through the in- 
crease of Oxygen in addition to Carbon Dioxide emissions and other greenhouse 
gases. These acting together with other drives as shown already in (Figure 1) 
have changed the earth’s environment throughout its long history, and, while 
climate change helped in the rise and development of millions of species of ani- 
mals and vegetation’s, it had contributed to the extinction of many millions of 


them also. 


3. The Ice Ages and Climate Change 


In the study of Climate Change, scientists have recorded five significant ice ages 
throughout the Earth’s history: the Huronian (2.4 - 2.1 billion years ago), Cryo- 
genian (850 - 635 million years ago), Andean-Saharan (460 - 430 mya), Karoo 
(360 - 260 mya) and Quaternary (2.6 mya-present). Approximately a dozen ma- 
jor glaciations have occurred over the past one million years, the largest of which 
peaked 650,000 years ago and lasted for 50,000 years. The most recent glaciation 
period, often known simply as the “Ice Age,” reached peak conditions some 
18,000 years ago before giving way to the interglacial Holocene epoch 11,700 
years ago [7] (Figure 4). 

For the last 500,000 years, the last glacial periods are marked with snowflakes 


(Figure 5). The most recent glaciation, which peaked at around 20 ka, is known 





Figure 3. The hierarchy of biological classification’s eight major taxonomic ranks [6]. 
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as the Wisconsinan Glaciation. This figure describes the nature of the tempera- 
ture change that followed each of these glacial periods [9] [10]. 

The current interglacial period (Holocene) is marked with an (H) Point out of 
the previous five interglacial periods, (Figure 5) [11]. 

The “Holocene”, the current geological epoch in which we live now, is thought 
to be the longest warm and “stable” climatic period of the last 400,000 years. 
This may have played a significant role in facilitating the development of human 
civilization. Being so it encompasses the appearance of the advent of agriculture 
and the birth and spread of civilizations during our human history some 9000 - 
10,000 years BC. 

In supporting evidence of this development, the geological findings from 


Greenland Ice core dating using stable isotope measurements of oxygen isotope 


5 Major Ice Ages 


Ice Ages during the past 2.4 billion years 


Average Global 
Temperature (°F) 


100 


2400 2100 Millions of Years Ago 
( caer not to scale) 


Ice Age # 
#{| beeAge | MYA 
eee ecin | 
(aka Quaternary Glaciation) 
4 |KaroolceAge | ~ 350 to 260 
| 3 |Andean-Saharan glaciation | ~ 460 to 430 | 
| 2 
1 


Sturtian/Marinoan glaciation ~ 850 to 630 
Huronian glaciation ~ 2400 to 2100 


http://geology.utah.gov/surveynotes/gladasked/gladice_ages.htm 





Figure 4. The five Major Ice Ages in the History of Earth. Modified from ref. [8]. 
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Figure 5. Global mean temperatures over the last 500,000 years [11]. 
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(0180) indicates that the last ice age ended about 11,000 BC and suggests that 
the extremely cold period ended about 9000 BC (Figure 6) [12]. 

In summary, it may be said that; 

1) Throughout Earth’s existence, the planet had been subjected to periods of 
cooling and warming that drastically altered the environment and the shapes of 
the continents and seas and all creatures that lived there. 

2) It is also concluded that climate and ecology are very much related. 

3) Even if it is difficult to estimate the rate at which changes had occurred, it is 
still possible to reconstruct atmospheric climates of the ancient past and how 
they changed the environment over time by using ice and ocean sediments cores. 

4) It is important to note, however, that these changes had taken place over 
millions of years. Glacial and interglacial cycles had been caused by a combina- 
tion of factors such as: 

e The Milankovitch Cycle, which is the cyclical movement related to the Earth’s 
orbit around the Sun; 
e Change of CO, concentrations in the atmosphere; and 


e Water vapor presence and patterns [13]. 


4. Climate Change Impacts after the Industrial Revolution 


An undisputed fact, which the scientific community has agreed upon today, is 
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Figure 6. Temperature from 12,000 (BC) to the present from Greenland ice measure- 
ments of Oxygen isotopes [12]. 
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the increased burning of fossil fuel since the beginning of the industrial revolu- 
tion has resulted in the profound results of climate change, which we witness at 
the present. 

In the early days of the Industrial Revolution, no one would have thought that 
the burning of fossil fuels would have an almost immediate effect on the climate. 
The impacts of such increase began to be felt, however, in some regions of the 
world as early as the 1830 s. Scientific findings show that warming did not de- 
velop at the same time across the whole planet. The tropical oceans and the Arc- 
tic were the first regions to begin warming in the 1830 s. Europe, North Ameri- 
ca, and Asia followed roughly two decades later. 

This warming in most regions reversed what would otherwise have been a 
cooling trend related to high volcanic activity during the preceding centuries. 
From all available evidence, we can conclude that this warming is due to the 
carbon dioxide released into the atmosphere by humans. Such a conclusion is 
based on a comparison with records that extend back 500 years. These records 
were not derived from thermometers or satellites, but rather from natural cli- 
mate archives which include coral skeletons, ice cores, tree rings, cave deposits, 
and ocean and lake sediment layers; all of which record the climate as they have 
grown or accumulated [14]. 

Since the beginning of the Industrial Revolution, humans have expelled con- 
siderable amounts of carbon dioxide into the atmosphere. This has triggered 
unnatural warming that has seen the Earth’s temperature rise dramatically over a 
short period. The average global temperature was 12°C during the Last Glacial 
Maximum. During the following interglacial period, the average global temper- 
ature slowly rose to 13.8°C. From 1880 to 2015, it has increased by another 0.6° 
degree to 14.4°C. This rate of warming is about 50 times faster than the rate of 
warming during the previous 21,000 years. From 1950 to 2000 and beyond, car- 
bon has increased in the atmosphere is a far steeper, more exponential curve 
(Figure 7), [15] [16] [17]. 

The Industrial Revolution began in the late eighteenth and early nineteenth 


centuries in Great Britain when the expansion of industry led to tapping new 
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Figure 7. Global temperature rise vs. carbon dioxide emission since 1880 up to now [17]. 
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sources of energy rather than relying on wood and waterpower. Around 1850, 
steam power was invented as a way to use coal energy more efficiently, and soon 
steam engines were used to power trains, ships, and industrial machinery of all 
sorts. These inventions spread soon throughout Europe, the United States, bring- 
ing enormous changes in society and commerce. Later in the nineteenth century, 
scientists learned how to generate electricity, and the discovery of oil led to the 
invention of the internal combustion engine; both technological developments 
that further changed the way humans lived and worked around the globe. 

In 1896, the Swedish scientist Svante Arrhenius was the first to suggest that 
the burning of fossil fuels adds carbon dioxide gas to the Earth’s atmosphere 
creating the greenhouse effect, which could raise the planet’s average tempera- 
ture. Arrhenius’s discovery was dismissed by scientists who had reasoned that 
major climate change would not likely be produced by humans and could only 
happen slowly over tens of thousands of years. Most scientists at the time also 
believed that the vast oceans would absorb most of the carbon dioxide produced 
by industry. 

By the 1950 s and 1960 s, however, improved instruments for measuring long- 
wave radiation allowed scientists to prove that Arrhenius’s theory was correct. 
At that time, studies also confirmed that carbon dioxide levels were indeed rising 
year after year. In 1958, Charles D. Keeling, a scientist with the Scripps Institute 
of Oceanography in California, conducted the first reliable measurements of at- 
mospheric carbon dioxide at Hawaii's Mauna Loa Observatory and found con- 
centrations of the gas to be 315 ppm and growing still [18]. 

Over the 18" century, global CO, emissions were a fraction of current levels. 
During the 18" Century and early 19" century, global CO, emissions were around 
3 to 7 million tons per year. During the early 19" Century, CO, emissions stea- 
dily rose reaching 54 million tons per year by 1950. Currently, we are emitting 
over 8000 million tons per year, (Figure 8) [19]. 

The increase of Co. concentration in the atmosphere, which has resulted from 
the increase of fossil fuel and causing global warming, is not the only reason for 
this warming. Data for the past 2000 years show that the atmospheric concentra- 
tions of CO., CH4, and NO; the three important greenhouse gases, have in- 
creased substantially since about 1750. Rates of increase in levels of these gases 
are dramatic. CO», for instance, never increased more than 30 ppm during any 
previous 1000-year period in this record, but it has already risen by 30 ppm in 
the past two decades, (Figure 9) [20]. 

Some scientists claim that the present global warming resulting from the in- 
crease in greenhouse gases emissions is not very bad or maybe even advanta- 
geous, and it looks like these emissions are preventing the onset of a new ice age. 
Based on previous cycles, the Earth is probably due to going into an ice age 
about now. Conditions were starting to line up for a new ice age at least 6000 
years ago. Before the Industrial Revolution, summers were getting colder in the 


northern hemisphere, but that trend has now been comprehensively reversed 
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Figure 8. Emission of Co2 during the 18" and its increase up to 2001 (Last updated on 9 
July 2010 by John Cook) [19]. 
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Figure 9. Increase of the most important greenhouse gases for the last 2000 year [20]. 


because of the increasing greenhouse gases in the atmosphere of the earth. One 
hypothesis claims that it is not just industrial society, which is responsible for 
these emissions, but this had started ever since humans began practicing large- 
scale farming, at least 5000 years ago, with the greater emission of methane from 
rice paddies. 

Therefore, not just greenhouse gas emissions over the last 200 years may 
have stopped us from going into a new ice age, but it is greenhouse gas emis- 
sions for the last 5000 years that have collectively helped to steer us away from 
the next ice age. By this, we may have delayed the onset of the next ice age for 


now, but if another one starts now, it will have big consequences for human 
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civilization. Besides the fact it would be awfully a lot colder, huge regions 
where hundreds of millions of people live would become uninhabitable. They 
would be covered in thick ice sheets and subject to an inhospitable climate. 
Assuming it was similar to the last ice age, then North America would be cov- 
ered in ice, the whole of northern Europe, the whole of northern Asia would be 
covered in ice too. 

The full impacts of a new ice age may be summarized as follows; 

1) There would be a lot less agricultural land available, so it would be very dif- 
ficult to support the human population. 

2) The physical shape of the continents would look completely different across 
the whole planet due to the receding coastlines of the shrinking seas and oceans. 

3) A huge drop in sea level of up to 120 meters would close down marine 
channels; the Mediterranean Sea, Torres Strait, Bass Strait, and Bering Strait, and 
create new areas of land that could be used for habitation or agriculture. 

4) Ocean ports would no longer be on the ocean, and anyone wanting water 


views would need to relocate large distances [21]. 


5. Understanding Current Climate Changes 
and Future Trends 


The present situation of climate change and its impacts on the environment is a 
subject nowadays of a heated debate and feverish scientific research on all the 
current and future projections of these impacts. The focus is global warming, 
which has become so much noticeable everywhere in the world today as a result 
of increasing anthropogenic activities. Much scientific studies and research have 
been conducted to define and quantify the factors contributing to this warming 
and its contribution to disasters and deep environmental changes occurring now 
and those expected in the future. Climate change can cause significant impacts 
on water resources and the hydrological cycle resulting in things like; fast melt- 
ing of the North and South Pole’s snow packs’ due to land temperature rise, the 
associated sea level rising, changes of the precipitation patterns over almost all 
parts of the world. Other changes to specific regions, which fall within the frame- 
work of these changes and have become daily news on the media are, unprece- 
dented floods, violent tornados, recurrent hurricanes, severe droughts, and loss 
of crops, in addition to unprecedented sandstorms and increase of desertifica- 
tion. Major sectors will be hit severely, such as agriculture and industry. Human 
welfare and health services will consequently suffer and development, in general, 
is going to be hampered. 

This situation has led international governmental bodies such as the Intergo- 
vernmental Panel for Climate Change (IPCC), established in 1988, and the UN 
World Meteorological Organization (WMO), to have a keen interest in studying 
the factors behind this phenomenon. 

The (IPCC) issued its first report on these changes in 1990 under the title 
“Climate Change 1995-The Science of Climate Change”, in which it defines the 
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principles governing this change and its foundation [22]. According to this re- 
port, climate change could happen due to both natural internal processes and 
external forcing, or due to persistent anthropogenic changes. It does not rule out 
the possibility that the rise in temperature from 1850 to 1950 was a natural phe- 
nomenon, perhaps due to changes in the Sun; but the subsequent warming from 
1957 until now, however, is different and is attributed to human actions. 

According to NOAA’s 2020 Annual Climate Report, the combined land and 
ocean temperature has increased at an average rate of 0.13 degrees Fahrenheit 
(0.08 degrees Celsius) per decade since 1880; however, the average rate of in- 
crease since 1981 (0.18°C/0.32°F) has been more than twice that rat [23]. 

World Meteorological Organization (WHO) considers that climate change 
refers to “a statistically significant variation in either the mean state of the cli- 
mate or in its variability which is persisting for an extended period (typically 
decades or longer)”, and it adds; “Climate change may be due to natural internal 
processes or external factors such as persistent changes to the atmosphere or 
changes in land use” [24]. 

The United Nation Framework Convention on Climate change (UNFCC 
1992), however, is more specific on this where it defines climate change as: “a 
change of climate which is attributed directly or indirectly to human activity that 
alters the composition of the global atmosphere and changes the natural climate 
variability observed over comparable periods” [25]. 

The (IPCC) has qualified “Change” by asserting that, “It is the change which 
may occur over this century as a result of human activates in the composition of 
the atmosphere or land use [26]. The (IPCC) stipulates that this warming is very 
likely caused, at least in part, by human activity and that most of the observed 
warming over the last 50 years is due to the increase in greenhouse gas concen- 
tration, and adds that discernible human influences extend now to other aspects 
of climate change, including ocean warming, continental-average temperatures 
rise, temperature extremes and the changes in wind circulation [27]. 

In tracing the reasons for this temperature rise, scientific evidence attributes it 
to increased use of fossil fuel leading to increased release of carbon dioxide 
(CO,). Research has shown that the concentration of CO, has increased from a 
relatively constant level of 280 ppm where it had been during the period from 
AD800 - AD1800 to the value of 380 ppm in the last decade of the 20" century; 
an increase of 36%. Summing up the proceedings, it may be said that: The warm- 
ing phenomenon, which is generally called the greenhouse effect, is, therefore, 
attributed to the increase of the concentration of CO, and the other Greenhous 
Gases (GHG) in the atmosphere resulting from increased human activities. The 
greenhouse gases, in addition to Carbon Dioxide (CO2), are Methane (CH,), nitr- 
ous oxide (N2O), and fluorinated gases, as already explained. 

One example of the magnitude of the (GHG) emissions may be seen in the 
case of the USA. An overview of these emissions in the USA during 2019 is 


shown in (Figure 10). 
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Figure 10. Overview of U.S Greenhouse Gas Emissions in 2019 [28]. 


6. Scenarios of Future Climate Changes 


A major advance in the assessment of climate change projections was presented 
in IPCC’s (2007) fourth assessment report compared with its third assessment 
report (2001). In this report, a large number of simulations were available from a 
broader range of models. Taken together with additional information from ob- 
servations, these provide a quantitative basis for estimating likelihoods for many 
aspects of future climate change. Model simulations cover a range of possible 
futures idealized emissions or concentration assumptions and include illustrative 
marker scenarios for the 2000 to 2100 period and model experiments with green- 
house gases and aerosol concentrations held constant after the year 2000 or 
2100. If the emission of these gases continues at the present trend, in the absence 
of any action to limit this emission, then the projections of the temperature rise 
at the end of the 21" century will range from 1.1°C to 6.4°C, compared to the 
end of the 20" century [29]. 

For the projected patterns of climate change, the IPCC defined six emission 
scenarios from 2000 to 2100 in the absence of additional climatic policies. These 
Scenarios are shown in (Figure 11). This figure indicates that the degree of se- 
verity of these scenarios increases from Scenario (B1) to Scenario (A1F1), [30]. 

The six IPCC scenarios for GHG emission are described in brief as follows: 

The A1 scenarios are of a more integrated world. The (A1) family of scenarios 
is characterized by: Rapid economic growth, a global population that reaches 9 
billion in 2050 and then gradually declines, the quick spread of new and efficient 
technologies, a convergent world income and way of life converge between re- 
gions, extensive social and cultural interactions worldwide. There are subsets to 


the (Al) family based on their technological emphasis: (A1FI), in which an 
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Figure 11. Scenarios for GHG emission from 2000 to 2100 in the absence of additional climate policies, and 
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emphasis on fossil-fuels (Fossil Intensive), (A1B) characterized by a balanced 
emphasis on all energy sources, (AIT) on which emphasis is put on non-fossil 
energy sources. 

The A2 scenarios are of a more divided world. The (A2) family of scenarios is 
characterized by: A world of independently operating, self-reliant nations, con- 
tinuously increasing population, regionally oriented economic development. 

The B1 scenarios are of a more integrated world, and more ecologically friendly. 
The (B1) family of scenarios is characterized by: Rapid economic growth as in 
(Al), but with rapid changes towards a service and information economy, Pop- 
ulation rising to 9 billion in 2050 and then declining as in (Al), reductions in 
material intensity and the introduction of clean and resource-efficient technolo- 
gies, an emphasis on global solutions to economic, social and environmental sta- 
bility. 

The B2 scenarios are of a more divided world, but more ecologically friendly. 
The (B2) scenarios are characterized by: continuously increasing population, but 
at a slower rate than in (A2). Emphasis on local rather than global solutions to 
economic, social, and environmental stability, Intermediate levels of economic 
development, less rapid and more fragmented technological change than in (A1) 
and (B1). 

In predicting future climate change impacts on any region in the world, mod- 
eling studies are normally performed to forecast these changes to such a future 
time as the end of the 21* Century. Such studies may use one or more of the 
above-mentioned IPCC-defined emission scenarios as input and utilizes one of 
the General Circulation Models (GCMs) [31]. Other modeling procedures may 
even utilize some kind of hydrologic models such as the Max Plank Institute 


Hydrological model [32], or one of the Regional Climate Models for climate ap- 
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plication (RCMs) [33] [34]. 


7. Expected Future Impacts on the Environment 


Since IPCC’s third assessment Report (TAR-The Scientific Basis) was issued in 
2001, it was followed by more studies and reports. The most likely future im- 
pacts to be expected until the end of the 21st century were outlined by the IPCC 
2007 report [35]. Many more studies were also carried out all over the world to 
outline such expected impacts. 

In summary, the conclusions of these reports and studies may be listed below: 

1) For the next two decades following 2007, a warming of about 0.2°C per 
decade is projected for a range of emission scenarios. Even if the concentrations 
of all greenhouse gases and aerosols are kept constant at 2000 levels, further 
warming of about 0.1°C per decade will occur. Continued greenhouse gases 
emissions at or above 2007 rates would cause further warming and induce many 
changes in the global climate system during the 21“ century. 

2) Snow cover is projected to contract. Widespread increases in thaw depth 
are projected over most permafrost regions. 

3) Heat extremes, heat waves, and heavy precipitation events will likely con- 
tinue to become more frequent. 

4) Based on a range of models, it is likely that future tropical cyclones (ty- 
phoons and hurricanes) will become more intense, with larger peak wind speeds 
and more heavy precipitation associated with ongoing increases of tropical sea 
surface temperatures. 

5) Extratropical storm tracks are projected to move poleward, with conse- 
quent changes in wind, precipitation, and temperature patterns, continuing the 
broad pattern of observed trends over the last half-century. 

6) For the projected warming in the 21* century according to scenarios (Bl, 
A1B, A2), the geographical distribution is similar to those observed over the past 
several decades. Warming is expected to be greatest over land and at most high 
northern latitudes, and least over the Southern Ocean and parts of the North 
Atlantic Ocean (Figure 12) [36]. 

Projected surface temperature changes for the early and late 21st century 
relative to the period 1980-1999. 

7) Increases for precipitation are very likely in high latitudes, while decreases 
are likely in most subtropical land regions by as much as about 20% in the A1B 
scenario in 2100 continuing observed patterns in recent trends (Figure 13). 

Projected Patterns of Precipitation Changes 

Changes predicted by the SRES A1B scenario, for the period 2080 to 2099 rel- 
ative to 1980 to 1999, for Multi-model mean in surface air temperature, precipi- 
tation, and sea level pressure for boreal winter DJF and summer JJA are likely to 
be as shown in (Figure 14). 

8) On regional scale climate change may have strong influence on the precipi- 


tation and temperatures over many regions of the world. One of such regions is 
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Figure 12. SPM.6. Projected surface temperature changes for the early and late 21“ century relative 
to the period 1980-1999. The central and right panels show the AOGCM multi-model average pro- 
jections for the B1 (top), A1B (middle) and A2 (bottom) SRES scenarios averaged over the decades 
2020-2029 (center) and 2090-2099 (right). The left panels show corresponding uncertainties as the 
relative probabilities of estimated global average warming from several different models [36]. 
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Figure 13. Relative changes in precipitation (in percent) for the period 2090-2099, rela- 
tive to 1980-1999. Values are multi-model averages based on the SRES A1B scenario for 
December to February (left) and June to August (right). White areas are where less than 
66% of the models agree in the sign of the change and stippled areas are where more than 
90% of the models agree in the sign of the change [37]. 


the Himalayas, where impacts will be felt in the melting response of glaciers or 
snow cover and, in turn, affects the runoff pattern of rivers draining from the 
glaciated catchments. Three major river catchments along with their several tri- 
butaries originating from Indian as well as Nepal part of Himalayas receive a 
significant contribution from the Himalayan cryosphere, especially during the 
non-rainfall lean period of the year. This situation has promoted carrying out 
good amount of research work to predict the range of these impacts. Citing only 
one example of such research is, the modelling study using regional climate 
model PRECIS to obtain projection of future precipitation and temperature 
change over the transboundary Koshi River Basin. This study has shown that 
rainfall is expected to decrease in the coming years up to (2040), but then pro- 
gressively increase towards the end of the 21* century. Summer monsoons are 
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expected to increase over the base period towards the 21st century. Moreover, 
progressive increase in maximum and minimum temperature is projected for 
the future. All simulations indicated a significant rise in temperature (between 
4°C - 6°C) throughout the basin, while analysis of extreme temperature indicates 
that maximum daily temperature may be more in the future [39]. 

9) Based on current model simulations, it is very likely that the meridional 
overturning circulation (MOC) known also as the “Thermohaline Circulation” is 
a system of surface and deep currents, encompassing all ocean basins will un- 
dergo some changes (Figure 15). 

The MOC circulation often referred to as the ocean’s “conveyor belt”, links 
major surface and deep-water currents in the Atlantic, Indian, Pacific, and 


Southern Oceans. Multiple mechanisms conspire to increase the density of surface 
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Figure 14. Multi-model mean changes in surface air temperature (°C, left), precipitation (mm-day~', middle) and 
sea level pressure (hPa, right) for boreal winter (DJF, top) and summer (JJA, bottom). Changes are given for the 
SRES A1B scenario, for the period 2080 to 2099 relative to 1980 to 1999. Stippling denotes areas where the mag- 
nitude of the multi-model ensemble mean exceeds the inter-model standard deviation [38]. 
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Figure 15. Schematic of the Global Overturning Circulation. (ACC is the Antarctic Cir- 
cumpolar Current) [39]. 
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waters at high latitudes. Cold winds blowing over the oceans chill the waters be- 
neath them. These winds also increase evaporation rates, further removing heat 
from the water. These chilled waters have increased densities, and thus tend to 
sink. The formation of sea ice also helps to increase the density of water near 
Earth’s poles. As seawater freezes, salt is forced out of the ice in a process called 
“brine exclusion”. The ice is essentially not salty. The excluded salt increases the 
salinity of the cold water immediately below the ice, making it denser still. The 
salty, cold water near the poles sinks toward the ocean floor [40] [41]. 

Those of the Atlantic Ocean will slow down during the 21“ century. The mul- 
ti-model average reduction by 2100 is 25% (range from zero to about 50%) for 
emission scenario (A1B). Temperatures in the Atlantic region are projected to 
increase despite such changes due to the much larger warming associated with 
projected increases in greenhouse gases. It is very unlikely that the MOC will 
undergo a large abrupt transition during the 21* century. Longer-term changes 
in the MOC cannot be assessed with confidence [42]. 

10) Anthropogenic warming and sea-level rise would continue for centuries 
due to the time scales associated with climate processes and feedbacks, even if 
greenhouse gas concentrations were to be stabilized [43]. 

11) Global warming may drive a quarter of land animals and plants to the 
edge of extinction by 2050. In the worst-case scenario, between a third to a half 
of land animal and plant species will face extermination. The predictions come 
from extinction models based on over 1100 species covering a fifth of the Earth’s 
landmass. 

The bleak scenario results from a study conducted at the University of Leeds, 
UK (2004), which has evaluated the impact on species of mild, moderate, and 
severe levels of predicted climate change stipulates that; “In the absolute best- 
case scenario, which is unrealistic, with the minimum expected climate change 
and all of the species moving completely into new areas which become suitable 
for them, an estimated nine percent will be facing extinction” [44]. 

12) The changing weather patterns and ocean temperatures affect agriculture, 
fish, wildlife, water, and energy. Crop yields are affected by temperature and wa- 
ter stress as well as the length of the growing season fall by 10% - 25%. They are 
less predictable as key regions shift from a warming to a cooling trend. As some 
agricultural pests die due to temperature changes, other species spread more 
readily due to the dryness and windiness—requiring alternative pesticides or 
treatment regiments. Commercial fishermen that typically have the right to fish 
in specific areas will be ill-equipped for the massive migration of their prey [45]. 

13) The carrying capacity of Earth and its natural ecosystems including social, 
economic, and cultural systems are limited, and they can support a finite num- 
ber of people on the planet. Given the current climate changes, it is unclear 
where sufficient clean water supply will come from in many areas around the 
world where the population is exploding. Over centuries, we have learned how 
to produce more food, energy, and access more water. However, will the poten- 


tial of new technologies be sufficient when a crisis like the one outlined in these 
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climate changes scenarios hit? Abrupt climate change is likely to stretch carrying 
capacity well beyond its already precarious limits. In addition, there is a natural 
tendency or need for carrying capacity to become realigned. As abrupt climate 
change lowers the world’s carrying capacity, aggressive wars are likely to be 
fought over food, water, and energy. Deaths from the war as well as starvation 
and disease will decrease population size, which over time, hopefully, will re- 
balance with carrying capacity [46]. 

14) Violence and disruption stemming from the stresses created by abrupt 
changes in the climate pose a different type of threat to national security than it 
is accustomed to today. A military confrontation may be triggered by a desperate 
need for natural resources such as energy, food, and water rather than by con- 
flicts over ideology, religion, or national honor. The shifting motivation for con- 
frontation would alter most vulnerable countries and the existing warning signs 
for security threats [47]. 

15) Climate change gives rise to environmental conditions that can have far- 
reaching effects on human health and existence. Direct effects are diseases and 
deaths because of extreme weather events like heat, flooding, landslides, storms, 
and hurricanes. Indirect effects are those that result from changes in the ecosys- 
tem, such as conditions that facilitate infectious diseases, changes in agricultural 
production, and the availability of (clean) water. However, climate change 
can also have indirect effects on health from the social and economic turmoil 
brought on by drought, flooding, famine, epidemics, and the movement of refu- 
gees [45]. 


8. Climate Change within the Tigris and Euphrates Area 


The Middle East area is highly vulnerable to climate change [48] and Tigris and 
Euphrates Rivers are located within this area. This area is categorized by a high 
degree of aridity, high variability, and very low annual rainfall [49] and can ex- 
perience major environmental changes due to any climatic shift [50]. It is be- 
lieved that climate change can have a significant effect on the environment and 
economy, particularly in the agricultural sector. The work executed on climate 
change and its effect on water resources indicates that water scarcity has become 
significantly worse [51] [52] [53] [54] [55]. 

Climate change has affected the agricultural sector [49] [55] which is the 
second-largest contributor to the country’s gross domestic product in Iraq and 
forms the main source of livelihood for 25% of the population [56]. In addition, 
the water quality of the rivers deteriorated with the decrease in water availability 
[53]-[58]. 

High temperatures and very low rainfall levels are depriving millions of people 
of drinking and agricultural water [59]. Millions of people are suffering from 
losing access to water, food, and electricity in Syria and Iraq [60] [61] [62]. In 
addition, Turkey aims to take advantage of its abundance of water resources to 


achieve its strategic political and economic goals [63]. This gives a very negative 
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impact on Syria and Iraq and will cause friction and conflict. 


9. Steps Taken So Far and Required Future Actions 
to Mitigate Climate Change Impacts 


Although the Swedish scientist Svante Arrhenius sounded warning on the in- 
creased concentration of CO, in the atmosphere as a result of burning fossil fuel 
since 1896, this was not taken seriously until 1957 when Charles Keeling pub- 
lished his project work on measuring the concentration of carbon dioxide in the 
atmosphere. Figure 16 is a version of Keeling’s curve updated 2020, which shows 
alarming results of the increased concentration. Results for 2021 are not availa- 
ble yet. 

During the 1970s, onwards feverish research work supported by governments 
actions and by NGO environmental groups gathered full momentum to study, 
evaluate the magnitude of the problem and suggest future actions and solutions. 
In 1972 the first UN environment conference, which led to the formation of the 
United Nations Environment Program, was concluded. This, in turn, established 
the Intergovernmental Panel on Climate Change (IPCC) in 1988. The IPCC does 
not carry out its research, but rather it looks at the literature published else- 
where, relying upon the work of thousands of scientists over the world. Each 
IPCC report is a massive undertaking and there have been many main reports 
and assessment reports such as those published in 1990, 1995, 2001, 2007, 2014, 
and 2016, 2018 [65], 2019 [66]. The IPCC sixth main assessment report has just 
been issued on 7 August 2021 but the document is subject to final copy-editing 
[67]. 


With commendable efforts, the “United Nations Framework Convention on 
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Figure 16. Atmospheric carbon dioxide (CO2) concentrations from 1958 to 2019 [64]. 
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Climate Change (UNFCCC)” was concluded in 1992, at the UN Rio Earth Sum- 
mit [68]. This is formally a treaty but does not contain anything legally binding. 
Rather, it provides a framework for negotiating specific international treaties, 
and therefore all parties had met annually since 1995 under “Conferences of the 
Parties”. The third meeting held in Kyoto in 1997 led to the signing of the “Kyo- 
to Protocol” [69]. It aimed to add some power to the initial framework, with 
binding targets for greenhouse-gas reductions. There were high hopes for the 
fifteenth meeting in 2009 in Copenhagen but it was largely considered, at best, a 
disappointment [70]. 

The final breakthrough, however, was achieved by the conclusion of the Paris 
Accord [71]. The run-up to concluding this agreement started in July 2014 with 
talks continuing throughout 2015 until signing the agreement in April 2016. One 
hundred ninety-six countries agree to what experts call the most significant 
global climate agreement in history. 

Unlike past accords, the Paris Agreement requires nearly all countries, both 
developed and developing, to set emissions reduction goals. However, countries 
can choose their targets and there are no enforcement mechanisms to ensure 
they meet them. Under the agreement, countries are supposed to submit targets 
known as nationally determined contributions. 

The mission of the Paris Agreement, which entered into force in November 
2016, is to keep global temperature rise below 2°C and to stop it from rising 
above pre-Industrial Revolution level and pursue efforts to keep this rise below 
1.5°C (2.7°F). However, analysts urge more action to achieve this goal [72]. But 
scientists caution that the effects of temperatures rising any higher would be ca- 
tastrophic and potentially irreversible [73]. 

Great efforts have been made, so far, by governments and research Institutes, 
in the field of climate change and their future impacts on the environment man- 
kind. It is felt, however, that there is need for much more research for better un- 
derstanding for all involved phenomena, and for defining better mitigation 
measures and tools to be put in the hands of policy makers, for enhanced and 
purposeful actions, in order to keep global temperature, rise within manageable 
limits. The last National Climate Assessment report, released by the U.S. Global 
Change Research Program (USGCRP) in 2009, recommended the following fields 
of future required research: 

1) Continue efforts to improve the understanding, modeling, and projections 
of climate changes, especially at the regional scale, including driving forces of 
emissions and land-use change, changes in temperature, precipitation, soil mois- 
ture, runoff, groundwater, evapotranspiration, permafrost, ice and snow cover, 
sea level change, and ocean processes and chemistry; 

2) Improve characterization of important sources of uncertainty, including 
feedbacks and possible thresholds in the climate system associated with changes 
in clouds, land and sea ice, aerosols (tiny particles in the atmosphere), green- 


house gases, land use and land cover, emissions scenarios, and ocean dynamics; 
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3) Develop indicators that allow for timely reporting and enhanced public 
understanding of climate changes and that allow anticipation and attribution of 
changes, including abrupt changes and extreme events in the context of a chang- 
ing climate; and, 

4) Advance understanding of the interactions of climate change and natural 
variability at multiple time scales, including seasonal to decadal changes (and 
consideration of climate oscillations including the El Nifio Southern Oscillation, 
Pacific Decadal Oscillation, and the North Atlantic Oscillation), and extreme 
events (such as hurricanes, droughts, and floods) [74]. 

Although more than 12 years have passed since the issue of this report, the 
need still remains to do more research on the same lines, pursue the out-comes 
of this research, and enforce the necessary steps toward mitigating the climate 


change impacts, towards preserving our Planet; People and Environment. 
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